Selection of genes
From our previous microarray analyses of mouse stem cells, we have inferred a set of high-priority genes that are implicated in critical functions in mouse ES cells and their differentiation. We chose genes based particularly on their up-or down-regulation in response to the repression and overexpression of Pou5f1 (Matoba et al., 2006) . We note that there are two types of TFs: (i) Genes that are expressed in undifferentiated ES cells; and (ii) Genes that are not expressed in undifferentiated ES cells, but are induced in differentiated ES cells. Overexpression of type (i) genes will perturb the global gene regulatory networks, while overexpression of type (ii) genes will most likely trigger the differentiation of ES cells.
Generation of TF-inducible ES cell lines
The exchange vector (pZhcSfi) was modified to express puromycin resistant gene and C-terminal His6-FLAG tag protein. For selected genes, we identified corresponding cDNA clones containing a full ORF from the in-house NIA mouse cDNA collection (Carter et al., 2003; Sharov et al., 2003) and NIH Mammalian Gene Collection (Gerhard et al., 2004) . Some ORF fragments were originally obtained by reverse transcription-PCR using ES cell RNAs. These full ORFs were subcloned into modified exchange vector and verified by DNA sequencing. ES[MC1R(20) ] cells carrying ROSA-TET locus were cotransfected with exchange vector and pCAGGS-Cre and selected in presence of puromycin.
Quality control
We performed multiple step quality controls for ES cell clone selection ( Figure 1B ). In the test for transgene expression, the Venus expression was visually analyzed using a microscope and also tested by flow cytometry. Exogenous transcripts were estimated by qRT-PCR using gene specific primer sets for the coding region. ES cell clones were genotyped to check for presence of Cre-mediated integration and absence of random integration of exchange vector and/or pCAGGS-Cre to eliminate the clones having undesired plasmid integration (Data not shown). Karyotypes of ES cells were tested at passage 25 and all the ES cell clones carried normal karyotype equivalent to parental ES cells (range of euploidy: 64% -96%) (Table S12 ). All the ES cell clones were tested free of mycoplasma contamination (Data not shown).
To minimize the clone-to-clone variation of gene expression level, we cultured all ES cells with the same passage numbers. Each transfection was started at passage 17 and DNA microarray samples were prepared at passage 25. The stock ES cell clones were cultured on the feeder cells with LIF. However, the gene induction and other experimental work were carried out using a gelatin-coated dish without feeder cells.
Transgene expression of ES cell clones
The induced level of a transgene was confirmed by monitoring transcript level using qRT-PCR ( Figure  1C and Figure S6 ). Venus was used as a surrogate of the transgene for qRT-PCR because it was difficult to distinguish a transgene from an endogenous copy of the gene. qRT-PCR analysis showed that the induced level of Venus (Dox-condition for 48 hours) was comparable between individual ES cell clones with different transgenes over a very low background level of Venus (Dox+ condition for 48 hours). Based on the qRT-PCR data, the transcript level of Venus was induced by 350-fold on average (ranging 20-fold -1088-fold) and tended to have similar Ct values (average 21, S.D.: ± 1.34). Fold-induction of total transcripts containing ORFs before and after induction showed much larger differences (average 289-fold: ranging 1.2-fold -11852-fold) ( Figure S6A ) because of a wide difference in the endogenous gene expression monitored by qRT-PCR (CT value: 18.5 -34.9) in Dox+ conditions.
Germline transmission of established ES cells
We also confirmed that a parental ES cell line (ES[MC1R(20) ]) and at least one of the manipulated ES cells reached the germline after they were injected into mouse blastocysts and developed into mice ( Figure S1D , E, and F).
and NotI. Venus internal probe template was prepared by PCR amplification using pMWROSATcH plasmid (Masui et al., 2005) . Radio-labeled probes were prepared by random labeling using High Prime kit (Roche) and [α 32 P]dCTP (Perkin Elmer). Transferred membranes were hybridized with an external probe for ROSA26 locus or an internal probe for Venus in ExpressHyb hybridization solution (Clontech). Signals were detected by Storm phosphoimager (Molecular Dynamics). One of selected clone was designated as ES[MC1R(20) ]. ES[MC1R(20) ] cells (passage 17) were cultured on feeder cells and 1.5x10 6 cells were transfected with 1.5µg of exchange vector and 0.75µg of pCAGGS-Cre using Effectene (Qiagen). Transfected cells were plated on feeder cells and cultured in presence of 0.2µg/ml Dox and puromycin (1.5-1.7µg/ml). Twenty four colonies were picked up. Cells were plated on feeder cells in 24-well plates containing medium with Dox and also on gelatin coated 96-well plates containing medium without Dox. Twelve clones were selected to make frozen stock by initial screening of Venus expression using the 96-well plate.
Transfection of exchange vector and Isolation of Inducible ES Cell Clones

Clone Testing
Isolated ES clones were tested by Venus fluorescence using Guava EasyCyte Mini System cytometer with the CytoSoft 4.1 software (Guava Technologies). Hygromycin B susceptibility was also tested in the ES cells by culturing them in medium containing 100 µg/ml hygromycin B without Dox. Genomic DNA for positive clones in the tests described above were isolated and used for genotyping by PCR with primers for Cre mediated recombinant boundary, pCAGGS-Cre, exchange vector, and pMWROSATcH. This was to confirm presence of Cre-mediated recombination and absence of random integration of pCAGGS-Cre and exchange vector. Selected ES clones were cultured in presence/absence of Dox for 3 days and exogenous transcript expression was tested by qRT-PCR as below.
qRT-PCR
Total RNA were isolated using TRIzol reagent. Following cDNA synthesis using SuperScriptIII (Invitrogen) and random hexamer, quantitative PCR was performed using SYBR Green PCR Master Mix (Applied Biosystems) with an ABI7300 Real Time-PCR (Applied Biosystems). Results were normalized to H2A (H2afz) transcript and analyzed using the delta-delta Ct method to approximate the fold change in gene expression. To test transcript expression of genes marked with bivalent chromatin domains during differentiation of ZHBTc4 cells by suppressing Pou5f1 expression (Niwa et al., 2000) , total RNA was isolated from cells cultured as previously reported (Aiba et al., 2009 ). qRT-PCR was performed using TaqMan One-Step RT-PCR Master Mix Reagents Kit and TaqMan Gene Expression Assays for Otx2 (Mm00446859_m1), Sfrp4 (Mm00840104_m1), Slc27a2 (Mm00449517_m1), Nefh (Mm01191456_m1), Dpys (Mm00517723_m1), and Gapdh (Mm99999915_g1). Results were normalized to Gapdh transcript.
Transgene Induction ES cells were cultured on a feeder cells in medium containing 0.2µg/ml Dox and 1.0μg/ml puromycin for 6 days and further cultured on gelatin coated dish in medium containing 0.2μg/ml Dox and 1.5μg/ml puromycin for 3 days. One day before transgene induction, ES cells were plated onto a gelatin coated 6 well plate at 2x10 5 cells/well for 24 hours of transgene induction, 1x10 5 cells/well for 48 hours, and 0.5x10 5 cells/well for 72 hours. Dox was removed by washing the cells three times with PBS at interval of 3 hours. Total RNA was isolated as above and used for DNA microarray and qRT-PCR. For qRT-PCR, 2 µg of total RNA was treated with RNase free DNAse at 37º for 30 minutes. cDNA synthesis and qRT-PCR were performed as above.
DNA Microarray
All procedures for each clone were done with two independent replications ( Figure S14 ). Total RNA was extracted from cultured cells using the TRIzol reagent. Cy3-CTP labeled sample targets were prepared with 2.5μg total RNA using the Low RNA Input Fluorescent Linear Amplification Kit (Agilent). Cy5-CTP-labeled reference target was produced from mixture of Stratagene Universal Mouse Reference RNA and MC1 cell RNA. Targets were purified using an RNeasy Mini Kit (Qiagen), and then quantified on a NanoDrop scanning spectrophotometer (NanoDrop Technologies). Target cRNA was hybridized to the NIA Mouse 44K Microarray v3.0 (whole genome 60-mer oligo arrays, Agilent Technology, design ID 015087) according to manufacturers protocol (Two-Color Microarray-Based Gene Expression Analysis Protocol, Product # G4140-90050, Version 5.0.1). Slides were scanned with an Agilent DNA Microarray Scanner (model G2505-64120) at 100% and 10% PMT in both channels, with a scan resolution of 5µm. All hybridizations compared one Cy3-CTP-labeled experimental target to the single Cy5-CTP-labeled reference target which was used for normalization. All DNA Microarray data are available at the public depository (GEO, NCBI: http://www.ncbi.nlm.nih.gov/geo/) and at the NIA Array Analysis software, http://lgsun.grc.nia.nih.gov/ANOVA/).
Karyotyping
Cells at 80% confluence were treated with colcemid (Invitrogen) for 3 h and harvested. Cell pellets were resupsended in pre-warmed hypotonic solution (0.56% KCl) and incubated at 37ºC. Cells were then fixed with freshly prepared, ice-cold methanol-acetic acid solution (3:1 in volume). Cells were mounted by dropping onto slides from a height of 1 meter. Metaphase spreads were stained with 5% Giemsa solution (Invitrogen). Approximately 30 images were taken, and 25 spreads were analyzed for percentage of euploid cells.
Western Blot
Whole cell lysate was prepared with RIPA buffer (20mM Tris-HCl (pH8.0), 150mM NaCl, 5mM EDTA, 0.1% SDS, 1.0% NP-40, 1% Sodium Deoxycholate, the protease inhibitor cocktail (Roche) and the phosphatase inhibitor cocktails (Roche). Whole cell lysates or nuclear extracts were applied to SDS-PAGE and transferred to Immobilon P membrane (Millipore). Transferred membranes were incubated with indicated primary antibody followed by incubation with secondary antibody conjugated with horse radish peroxidase. Signals were detected by enhanced chemiluminescence. The band intensity was determined by the ImageJ (version 1.41) software.
Histochemistry
Immuno-fluorescence Analyses
Cells were plated on sterilized cover slips in 24-well plates and cultured 3 days or 7 days in presence/absence of Dox. Cells were fixed in 4% paraformaldehyde for 10 minutes at room temperature and then permeabilized with 0.25% NP-40 for 10 minutes. After blocking with 1% BSA, 10% fetal bovine serum, and 0.2% saponin for 10 minutes at room temperature, cells were incubated with primary antibody in blocking solution. The bound antibody was visualized with a fluorescent conjugated secondary antibody. Nuclei were visualized with DAPI (Roche) staining for 5 minutes at room temperature. Images were acquired using a Deltavision system (Applied Precision) mounted on an Olympus IX-70 inverted microscope or LSM510 Meta confocal microscope system.
Alkaline Phosphatase Staining
Cells were fixed with 4% paraformaldehyde for 15 minutes at room temperature and their alkaline phosphatase activity was examined using Leukocyte Alkaline Phosphatase Kit (Sigma) according to manufacture's protocol. Images were acquired using Axiovert microscopy (Zeiss). For Cdx2 overexpressing cells, cells (2000 cells/well) were plated on to 12-well plates and cultured for 7 days in presence/absence of Dox and used for alkaline phosphatase staining.
Leishman's reagent staining Cells (2000 cells/well) were plated on to 12-well plates and cultured for 7 days in absence of Dox and stained with Leishman's reagent. ES[MC1R(20) ] cells (passage 18) were injected into C57BL/6Ncr blastocysts and transferred to ICR surrogate mothers. Chimeric mice were bred with C57BL/6J females and tails of the pups were genotyped for wild type ROSA26 locus and knock-in (ROSA-TET) locus. All animal work was performed under an animal protocol approved by the National Institute on Aging Animal Care and Use Committee.
Germline Transmission
Immunoprecipitation
Nuclear extract was prepared from Cdx2 overexpressed cells. One ml of Nuclear extract of the cells was diluted 5 times with IP buffer (20 mM HEPES pH 7.9, 200 mM NaCl, 1 mM DTT, 0.2 mM PMSF, 10% glycerol) and incubated with 50 μl of anti-FLAG M2 affinity gel at 4°C overnight with gentle rotation. The beads were washed 4 times with the IP buffer for 10 minutes each at room temperature. The proteins were eluted with Laemmli's sample buffer for western blotting or 3X FLAG peptide for mass spectrum analysis and silver staining.
ChIP and Sample Preparation of Sequencing Analysis
Cdx2 overexpressed cells were cross-linked with 1% formaldehyde at room temperature for 10 minutes and their chromatin was fragmented to 200 to 300 bp by sonication. Chromatin from 10 8 cells was incubated with 100 μl anti-FLAG M2 affinity gel at 4°C over night with gentle rotation. The beads were washed 4 times with the IP buffer (20 mM HEPES pH 7.9, 200 mM NaCl, 1 mM DTT, 0.2 mM PMSF, 10% glycerol). The immunoprecipitate was then eluted from the affinity gel and reverse cross-link at 65°C for 8 h. ChIP DNA was purified by QIAquick PCR Purification Kit (QIAGEN). Purified ChIP DNA was used for end repair, adapter ligation and preparation of ChIP-Seq library according to Illumina's manuals. The ChIP-Seq library was used directly for cluster generation on Cluster Station (Illumina). The sequencing analysis by Genome Analyzer II (Illumina) was performed according to manufacturer's manuals. For verification by qPCR, chromatin was incubated with anti-FLAG M2 antibody or anti-Oct3/4 antibody. Reverse cross-linked DNA was purified and used as template for qPCR. PCR primers were designed to flank the binding site of CDX2 or POU5F1 in promoter region of target genes.
Defining CDX2 binding sites by ChIP-seq
Sequencing of FLAG-ChIP DNA fragments produced 17.59 million 36-nucleotide tags, and 32.5% of them (5.72 million) were successfully mapped to the latest mouse genome sequence (mm9, NCBI/NIH) using ELAND program (Illumina) (Bentley, 2006) . The remaining tags had either >2 mismatches or matched to more than 5 different genome locations. Among tags with multiple matches, we only selected those with the minimum number of mismatches. To identify significant peaks of tags we first estimated the median distance between closely located tags in positive and negative orientation, which appeared to be ca. 150 bp. Thus, we subtracted 150 bp from coordinates of tags with negative orientation. The expected location of the CDX2 binding site was estimated as tag start + 91. Redundant tags with the same starting positions were not counted to avoid amplification-related bias. Peaks with tags were identified as regions where the density of tags (minimum 6 tags) was higher than the 2.5-percentile of the frequency distribution. The frequency distribution of the log-transformed distance between i-th tag and i+5 tag was estimated for each chromosome, and the upper portion of the distribution starting from the maximum frequency was used to estimate the standard deviation (from maximum). Then the maximum minus 2 standard deviations was used as a threshold; if log-distance was below that threshold it was considered to be part of a peak. Within each peak we identified the densest region of tags (within 350-bp window), which was viewed as the expected position of the TF binding to DNA. Tags >500 bp away from this position were not counted. The number of tags in peaks was then compared with the number of tags in the control sample for the same region corrected by the total coverage of tags. If the adjusted number of control tags was >50% of the number of tags in the peak or if it was >20 (10 fold higher than in average), then the peak was discarded. These conditions of peak filtering were optimized by searching CDX2 motifs in all peaks and then estimating the proportion of peaks with motifs among groups of peaks classified by the number of tags in the peak and the number of control tags. Total we found 59,098 peaks with at least 6 tags (Table S5) , of which 15,855 had at least 10 tags.
CDX2 binding motifs were found using the CisFinder software (Sharov and Ko, 2009 , http://lgsun.grc.nia.nih.gov/CisFinder/). We extracted 200-bp long sequences from the mouse genome centered at 15,855 TFBS locations identified with ChIP-Seq and searched for DNA motifs that were overrepresented in these sequences compared to contol (regions from 350 to 500 bp from TFBS). We selected motifs that were over-represented by at least 2-fold and clustered them using 0.9 correlation threshold.
Identified CDX2 binding sites were annotated using CisView software (Sharov et al., 2006) . For each binding site we considered genes with the closest transcription start sites (TSS). Preference in annotation was given to genes with good symbols. If the distance to the TSS of a gene exceeded 5-fold the distance to the nearest gene of the same quality, the gene was not included in the annotation. We did not consider genes >200 Kb away from binding sites. To quantify the association between genes and CDX2 binding sites we estimated the binding score, s, for each gene:
where n i is the number of ChIP-Seq tags and d i is the distance of binding site i from the TSS. If a promoter has multiple binding sites, their effects are combined as shown in the equation (1). Parameters of the equation were selected based on our previous study of binding sites of POU5F1, SOX2, and NANOG (which is justified by the fact that these TFs have most binding sites in the distal protion of promoters similar to CDX2) and then adjusted manually to increase the average binding score for genes up-regulated after induction of Cdx2.
ChIP-seq control samples were prepared from ES cells with the empty vector and Cdx2 inducible cells were cultured for 48-60 hours with Dox to repress transgene induction. The distribution of control tags at same location of CDX2 peaks were plotted in Figure S15 . The number of control tags that matched to the genome was different from the number of CDX2 tags; therefore the frequency of control tags were normalized and adjusted to the total number of tags in the CDX2 ChIP sample. The frequency of tags from both control experiments are quite low around CDX2 bindings site.
Finding functional target genes of CDX2
Functional target genes were identified using our recently developed method (Sharov et al., 2008) . This method allows us to use additional information on genes that responded to manipulation of TFs (e.g., direction, extent, and timing of response) to narrow down the list of functional targets and to estimate the expected proportion of false positives (FDR). This method is based on the separation of responding genes into groups and comparing their binding scores with the probability of distribution binding scores among control genes that did not respond to manipulation of the TF. Genes that responded to the induction of Cdx2 were separated into 6 groups: 3 groups of up-regulated genes (>5 fold, 2-5 fold, and 1.5-2 fold), and 3 groups of down-regulated genes (>5 fold, 2-5 fold, and 1.5-2 fold). The smallest of these groups (N=285) had a sufficient number of genes for estimation of FDR. The distribution of binding scores in control genes (with response <1.25 fold) was modeled as follows. Genes were sorted by decreasing binding score, and log-transformed p-value p = (rank-0.5)/N was plotted against power-transformed binding score s 0.6 , where s = binding score (power transformation was needed to make the function close to linear). The model (log 10 (p) = 4.8⋅s 0.6 ) was used to estimate the p-value based on the binding score ( Figure S16 ). FDR was estimated using the standard method (Benjamini and Hochberg, 1995) . We selected functional target genes based on the combination of two criteria (p<0.1, and FDR<0.6).
Statistical analysis of gene list overlap
Expected overlap of lists of genes that were up-regulated after induction of two TFs was estimated as N' 12 = (N 1 ⋅N 2 )/N, where N 1 and N 2 are numbers of genes up-regulated by each of TFs, and N is the total number of genes. The real overlap between lists of genes, N 12 , was considered significantly higher than expected if z = (N 12 − N' 12 )/sqrt(N' 12 ) was >2. The equation for z-value is based on the assumption of random (Poisson) distribution in the number of overlapping genes.
Statistical analysis of over-or under-representation for TFBS
Data on TFBS and chromatin modifications in promoters of genes was compiled from our ChIP-Seq experiment with Cdx2, and published data (Chen et al., 2008; Mikkelsen et al., 2007) . In the case of Cdx2 we considered only strong binding sites with 10 or more tags. We did not use data on P300 from Chen et al. (2008) because the number of binding sites were too small for analysis. Coordinates of other binding sites reported by Chen et al. (2008) were remapped to mm9 genome and annotated using CisView software (Sharov et al., 2006) . Chromatin regions with H3K4me3 and H3K27me3 methylation marks identified by Mikkelsen et al. (2007) using both HMM and Window-based methods were remapped to the mm9 genome. A gene was associated with a specific chromatin modification if a region with this modification was found within 1 Kb from the TSS. TFBS were counted separately in the proximal promoter (<300 bp from TSS) and in the distal promoter (from 300 to 15,000 bp from TSS). However, CDX2, POU5F1, SOX2, NANOG, STAT3, and SMAD1 had very few BS in the proximal promoter, therefore, these BS were counted only in the distal part of promoters. The proportion of genes with TFBSs and chromatin modifications was compared between genes up-regulated by TFs (>2 fold, but at least 200 genes), genes down-regulated by TFs (>2 fold, but at least 200 genes), and control genes that were not affected by TF (<1.25 fold change). We limited analysis to only those 30 TFs which altered the expression of at least 150 genes by >2 fold (Table S4 ). If TFBS occurrence was random and independent on gene expression change, the expected number of genes with TFBS among up-regulated genes after induction of TF equals n' = N u ⋅n c /N c , where N u is the number of up-regulated genes, N c is the number of control genes (that did not change expression), and n c is the number of control genes with TFBS. The actual number of genes with TFBS among up-regulated genes, n, was considered significantly different from control if z = abs(n − n')/sqrt(n + n') was >2. The equation for z-value is based on the assumption of random (Poisson) distribution of the number of genes with TFBS.
Information on TFBS, chromatin modifications, and gene expression change following induction of TFs is summarized in the Table S10 as shown below. Gene expression change is coded as 1, 2, and 3, if the gene was up-regulated, down-regulated, or not affected (<1.25 fold change), respectively, after the induction of each TF. Genes whose expression was not affected are used as a control set of genes. This table can be sorted by gene expression change, TFBS, or chromatin modification to find individual genes that match multiple search criteria. For example, genes with Pou5f1 binding site in the distal portion of promoter that were down-regulated following induction of Klf4 have value 1 in column #3 and value 2 in column #37.
Top portion of the 
Note:
In the presence of Dox, the transgene is tightly controlled in the off-state, minimizing spurious effects associated with TF manipulation. However, removing Dox for gene induction requires replacement of medium, which could potentially cause perturbations in the cells unrelated to TF induction.
In an earlier study, we found that the standard removal of Dox by passaging cells to Dox-medium caused alterations in the expression patterns of a large number of genes unrelated to the over-expression of the transgene itself (Matoba et al., 2006) . We therefore carried out control experiments and found that three medium changes at 3 hour intervals minimized the unwanted perturbation while inducing the transgene to a level comparable to that seen by cell passaging. In all transgene induction experiments, we set the last medium change as 0 hour induction. Expression analysis of total protein including both endogenous protein and exogenous protein using native antibodies. Samples were prepared at 2 days after Dox removal. The band intensities were quantified by densitometry analysis and showed at the bottom of panels. (D) Analyses of total protein expression using native antibodies in comparison with differentiated ES cells or mouse tissue. Differentiation of ZHBTc4 cells was induced by suppressing Pou5f1 expression in presence of Dox. The band intensities were measured and showed as (C). Samples were analyzed using anti-FLAG antibody or indicated native antibody (upper panels) and anti-ACTB antibody (lower panels). Asterisk shows nonspecific band.
Figure S5. Localization of exogenous protein in established ES cell lines.
Microscopic analysis of localization of the exogenous protein by immunostaining using anti-FLAG antibody (right); and localization of Venus fluorescence (middle) and DNA (left). Cells were cultured in absence of Dox for 3 days. Figure S6. (A) qRT-PCR analysis of transcript levels of 54 ES cell lines. Cells were cultured in the presence (+) or absence (-) of Dox. Endogenous transcripts were measured using gene specific primer sets for untranslated region (UTR) or boundary between ORF and UTR. Transgene transcripts were measured using primer set for venus ORF that is a part of a polycistronic transcript produced from recombinant ROSA-TET locus. Transcript containing ORF (both endogenous and transgene) were measured using gene specific primer sets 
Cdx2
The cells showed slow proliferation and high differentiation to a specific lineage. This result is consistent with previous reports showing that Cdx2 overexpression induces ES cell differentiation to trophectoderm lineage (Niwa et al., 2005) 
Dlx3
Round shaped colonies were surrounded with differentiated epithelial-like cells with flat or square shape. This result is consistent with a previous report showing that Dlx3 overexpression by episomal systems do not induce changes in cell morphology (Ivanova et al., 2006) Eomes Differentiated cells surrounding colonies resembled the differentiated cells induced by LIF withdrawal. Proliferating cells formed round shaped colonies but the proliferation was slower than control. Niwa et al. reported Eomes overexpression by an episomal system induced trophectoderm differentiation of ES cells. Transcriptional activation by Eomes-ER system does not fully induce differentiation (Niwa et al., 2005) . The expression level is one critical factor in inducing differentiation.
Esx1
The proliferation was slower than control and cells formed small round shaped colonies. The cells surrounding the colonies were differentiated to epithelial. Esx1 overexpression by episomal system induces the differentiation with flat cell morphology and loss of alkaline phosphatase activity (Ivanova et al., 2006 ). Probably, the expression level is one of the critical factors in inducing differentiation as Eomes overexpression.
Gata3
Small colonies were surrounded with small reflective dispersed cells showing specific differentiation. The morphology of differentiated cells is similar to the differentiated cells expressing Rxra. The expression level of Gata3 is one critical factor for ES cell proliferation and differentiation induction. Constitutive Gata3 overexpressing ES cells can be isolated and show diffuse morphology (Zhang et al., 2007) . Gata3 overexpression by episomal system does not form colonies by cell death (Ivanova et al., 2006) .
Klf4
Typical round shape colonies of undifferentiated cells were missing and proliferating cell colonies were surrounded with tight lawn of monolayer cells.
Myod1
Differentiated cells showed flat, spreading morphology. Some cells had bipolar-like shape. Proliferating cells formed tight packed colonies. Previous reports showed the proliferation of constitutive Myod1 overexpressing ES cells or EC cells in mitogen rich medium (ES cells) or monolayer culture (EC cells) (Dekel et al., 1992; Skerjanc et al., 1994) .
Nanog
The cells formed typical tight packed colonies. Nanog was reported as a factor that maintains undifferentiation state of ES cells (Chambers et al., 2003; Mitsui et al., 2003) .
Nr2f2
Proliferating cells did not form typical large round shaped colonies. Small proliferating cell colonies did not form clear edge and these colonies were surrounded with differentiated cells showing particular cell types.
Nrip1
Proliferating cells formed tight packed colonies. Surrounding differentiated cell colonies had flat shape with small spikes.
Otx2
Typical round shaped colonies of undifferentiated cells were missing and proliferating cell colonies were surrounded with tight lawn of differentiated cells. Otx2 overexpression by episomal system induces the differentiation with flat cell morphology and loss of alkaline phosphatase activity (Ivanova et al., 2006 ). Probably, the expression level is one crucial factor to induce differentiation as Eomes overexpression.
Pou5f1
Proliferating cells did not form typical large round shaped colonies. Small proliferating cell colonies were surrounded with a tight lawn of differentiated cells. ES cell differentiation to primitive endoderm or mesoderm by Pou5f1 overexpression was reported (Niwa et al., 2000) .
Rxra
Large number of cells were differentiated to specific lineage, showing small reflective dispersed cells similar to the differentiated cells expressing Gata3.
Sfpi1
The proliferating cells did not form typical large round shaped colonies. Differentiated cells formed tight lawn of monolayer cells.
Sox2
Undifferentiated cells formed typical round colonies. The differentiated cells surrounding the colonies showed the differentiation to a flat, spreading morphology including epithelial-like cells or slight endodermal differentiation. It was reported that a small increase of Sox2 enhances the population of colonies with mixture of undifferentiated ES cells and differentiated cells (Kopp et al., 2008) .
Sox9
Undifferentiated cells formed large round colonies. The differentiated cells surrounding colonies showed a flatter morphology than regular endodermal differentiated cells. The expression level of Sox9 is a critical factor for differentiation induced by overexpression. Mouse ES cell colonies were isolated in constitutive overexpression of human Sox9 (Kim et al., 2005) . Sox9 overexpression by episomal system induces the differentiation with flat cell morphology and loss of alkaline phosphatase activity (Ivanova et al., 2006) .
Tcf3
The cells proliferated slower than control and formed round colonies with faint staining. Cells surrounding colonies were differentiated into flat cell types with spikes. pTF-target genes that were down-regulated after TF induction in at least 2 ES lines.
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Figure S11. List of pTF-target genes that were down-regulated after TF induction in at least 2 ES cell lines. 514 pTF-target genes were selected as gene having at least 2 pTF binding sites and showing down-regulation after TF induction in at least 2 ES cell lines. 88 genes with numbered symbols are not shown above. Tacr3  Tcap  Tchh  Tekt2  Tll2  Tmem54 Tmem59l Tmem90a Tnfaip8l3  Tnfsf11  Trim2  Tsp50  Tspan5  Tub  Usp44  Vstm2a  Vwa2  Wdr86  Wipf3 Wscd1 Wt1 Zdbf2 Zfp354b Zfp800 Zic2 Figure S16. The model for probability distribution of CDX2 binding scores to promoters of control genes that did not respond to manipulation of Cdx2 (<1.25 fold change). Genes were sorted by decreasing binding score, and the log-transformed p-value was plotted against the power-transformed binding score (power transformation was needed to make the function close to linear).
